Purpose: The aim of this study is to evaluate visual and anatomic outcomes of 25-gauge vitrectomy with relaxing retinectomies for complex retinal detachment (RD) secondary to proliferative vitreoretinopathy (PVR). Methods: A single-center, retrospective case series of 44 patients who had undergone a 25-gauge vitrectomy with a relaxing retinectomy for the treatment of combined RD and PVR was performed. Preoperative characteristics, intraoperative techniques, and outcomes were analyzed. The rates of attachment, complications, and visual acuity were analyzed. Institutional review board/ethics committee approval was obtained, and the described research adhered to the tenets of the Declaration of Helsinki. Results: At the final follow-up, 27 eyes (61%) had attachment after 1 surgery, 41 eyes (93%) ultimately had attached retinas, 3 eyes (7%) had hypotony, 3 eyes had become phthisical (7%), and 24 eyes (56%) had improved visual acuity. After stratifying by visual outcomes, 20/400 or better bestcorrected visual acuity was not associated with age (P ¼ .66), RD etiology (P ¼ .61), preoperative hypotony (P ¼ .60), nor size of retinectomy (P ¼ .48). Patients achieving 20/400 vision or better were statistically more likely to be pseudophakic (P ¼ .024) and have silicone oil removal (P < .0001). Conclusion: The use of 25-gauge vitrectomy and relaxing retinectomy provides a high rate of reattachment and improved visual acuity.
Introduction
Retinal detachment (RD) secondary to proliferative vitreoretinopathy (PVR) remains a challenging surgical scenario, requiring meticulous membrane peeling, retinopexy, and long-term tamponade with or without a scleral buckling (SB) procedure. In addition, a relaxing retinectomy (RR) is often needed to achieve sufficient relaxation of the retina to achieve reattachment. 1 Traditionally performed with 20-and 23-gauge (G) instrumentation, pars plana vitrectomy (PPV) has transitioned to smaller-gauge systems such as 25G PPV. Prior studies with 6 months' follow-up reported reattachment rates ranging from 40% to 80% for patients undergoing PPV for RD with PVR. [1] [2] [3] The results of 25G PPV have shown comparable outcomes in disease such as primary detachments, macular holes, epiretinal membranes, and diabetic tractional RD. [4] [5] [6] [7] However, published reports in the literature on the use of 25G PPV for RD secondary to PVR have been scarce. 8 Although visual recovery may be limited in severe PVR rhegmatogenous RD (RRD) eyes, reattachment of the retina can stabilize vision and may decrease the incidence of hypotony. The purpose of this study was to review the visual and anatomic outcomes of 25G vitrectomy requiring RR for complex RD secondary to PVR.
Participants and Methods
A noncomparative retrospective case series was conducted to review all cases performed by a single surgeon (J.I.L.) from January 2010 to July 2016. The study was approved by the University of Illinois at Chicago Institutional Review Board. Informed consent was not required as all patient data were anonymized and deidentified. Researchers identified operative reports by current procedural terminology codes in the surgical records. Operative reports and medical records were reviewed to identify all patients who underwent 25G PPV with RR to reattach PVR, grade C or higher, RD. A total of 51 patients who had undergone 25G vitrectomy with an RR for treatment of combined RD and PVR were identified. Seven patients with less than 6 months of follow-up were excluded; 44 patients were included in this analysis. Concurrent SB in patients with PVR was an exclusion criterion in this study. We sought to evaluate the effectiveness of RR in relieving PVR in eyes with severe retinal contraction in which an SB was not indicated in the surgeon's opinion (J.I.L.).
Demographic information (age, gender), best-corrected visual acuity (BCVA), intraocular pressure (IOP), lens status, etiology and extent of RD, and type of previous surgery (if any) were recorded. Operative reports were reviewed to determine the extent of the RD, extent of the RR, preoperative macular attachment status, use of adjuvants (such as perfluoro-octane [PFO]), and type of intraocular tamponade agent. Postoperative anatomic and visual outcomes were recorded from the medical records. Hypotony was defined as IOP less than 6 mmHg. Seven patients with a history of SB with redetachment were included.
All BCVAs were converted to logarithm of the minimum angle of resolution (logMAR) VA for analysis. Counting fingers (CF) and hand motion (HM) vision were converted to a logMAR of 2.0 and 3.0, respectively, and patients with light perception (LP) and no light perception (NLP) vision were excluded. 9 One patient with traumatic RD was excluded from visual acuity analysis as the patient was nonverbal. Statistical outcomes were analyzed using Excel (Microsoft).
Categorical variables were stratified by BCVA of 20/400 vision or better and CF vision or worse, then evaluated using a chi-squared test. Continuous variables were analyzed using the 2-tailed t-test. Statistical analyses requiring logMAR equivalents of BCVA excluded patients with either preoperative or postoperative LP vision or worse, since logMAR equivalents poorly estimate vision in this range. 9 Six patients were LP preoperatively, 4 remained LP, 1 decreased to NLP, and 1 improved to HM. Correlation coefficients were calculated using a Pearson correlation coefficient. Statistical significance was defined as P < .05.
Surgical Procedure
All patients underwent 25G PPV using the Alcon Constellation (Alcon) and the Zeiss Resight (Carl Zeiss Meditec) noncontact wide-angle viewing system. Cannulas were placed transconjunctivally followed by core vitrectomy and meticulous peripheral vitreous base shaving with scleral depression. PVR membranes were dissected off the retinal surface using a combination of 25G intraocular forceps, lighted 25G pick, 25G membrane pick, and 25G vitreous cutter. Subretinal PVR membranes were transected or removed only if the attending surgeon felt it was causing significant traction that prevented retinal reattachment.
In areas of intrinsic retinal foreshortening preventing reattachment, RR was performed. First, endodiathermy was used to demarcate the area of retinectomy followed by retinectomy using the vitreous cutter. The anterior flap of the retina was vitrectomized. The retinectomy was extended about 0.5 clock hours beyond what was needed to relax the retina and achieve reattachment. Elevation of the IOP as needed (maximum of 50 mmHg for at most 1-minute duration) and intraocular diathermy were used to maintain hemostasis. Perfluorocarbon (PFC) liquid was injected into the vitreous cavity in most cases to flatten the retina from the posterior pole up to the retinectomy edge. This was followed by 25G endolaser retinopexy of 3 to 4 rows to surround the borders of the retinectomy.
Laser was also added around any retinal holes or tears; panretinal laser photocoagulation was performed for eyes with proliferative diabetic retinopathy as needed. Fluid-air exchange was performed with meticulous attention to the air/PFO interface to remove any subretinal fluid and to prevent any PFO from entering the subretinal space. A fluted, silicone-tipped cannula was used at the interface to evacuate fluid in those areas prior to completion of the air-fluid exchange more posteriorly.
Following a complete air-fluid exchange, either silicone oil, 14% to 16% perfluoropropane, or 20% sulfur hexafluoride gas tamponade was injected into the eye. All sclerotomies were sutured and patients were asked to remain in the prone position immediately after surgery.
Results
A total of 44 eyes from 43 patients, 24 men and 19 women with an average age of 49.9 years (range, 8-91 years) were included. Mean follow-up was 30.1 months (range, 6-70 months); 33 of 44 eyes had more than 1 year of follow-up. Preoperative characteristics including the etiology of the RD are shown in Table 1 . Intraoperatively, PFO and silicone oil tamponade were used in 42 eyes (95.5%). Intraoperative findings are also shown in Table  1 . In total, 31 eyes (70.5%) had at least 1 prior PPV, 7 eyes had undergone a prior SB, and 4 eyes had prior pneumatic retinopexy.
Retinal attachment was achieved in 27 (61.4%) eyes with 1 surgery, 11 (25%) eyes with 2 surgeries, and 3 (6.8%) eyes with 3 surgeries. Thus, overall, 41/44 (93%) were successfully reattached with RR and vitrectomy. Three remained detached after multiple surgeries and were excluded from the analysis of recurrent detachment.
Of the 14 (36.4%) eyes that eventually attached, the detachment occurred at a mean of 150.6 days. Eleven of these 14 eyes required 1 additional surgery, and 2 required 1 additional surgery to achieve final anatomical attachment. One patient did not want to pursue further surgery and remained detached under silicone oil. No SBs were placed during any surgery or in reoperations.
All 14 eyes that redetached had some component of inferior detachment prior to the first surgery, and 12 eyes (86%) had some component of inferior PVR. However, 12 eyes also had detachments significantly posterior to the equator, precluding, in our opinion, the utility of an SB given the propensity for increased visual distortion. It is our opinion that buckles are not useful posteriorly to the equator. Nine of the 13 eyes (69%) that underwent reoperation required extension of the prior RR. Anatomic success was achieved in 42 eyes (95.5%) at 30.1 months, the average follow-up period. Of these, 21 eyes (47.7%) eyes remained attached under silicone oil.
Oil was left in eyes if there was significant anterior PVR and ciliary body shutdown where hypotony was a concern, the presenting pathology was severe enough to prevent oil removal, or the patient had multiple previous procedures (prior to referral) with subsequent redetachment under silicone oil. These eyes were followed carefully postoperatively. If the IOP remained 10 mmHg or below, the silicone oil was left in place regardless of anatomical reattachment.
Postoperative visual acuity was moderately correlated with preoperative visual acuity as shown in Figure 1 (r ¼ 0.37). There was a statistically significant increase in eyes achieving 20/400 vision or better (P ¼ .02) postoperatively. Preoperatively, 7 (16.3%) eyes were 20/400 and 36 (83.7%) eyes were CF or worse. Postoperatively, 17 (39.5%) eyes were 20/400 and 26 (60.5%) eyes were CF or worse. We also report a change in mean logMAR value from 2.12 preoperatively to 1.60 (20/ 796) at the final visit. Among the 27 eyes for which logMAR visual acuity could be paired and calculated, BCVA was significantly improved after surgery (P ¼ .005, Table 3) .
Overall, at the final visit, 24 eyes (54.5%) had better postoperative BCVA compared with the preoperative BCVA. Nine (20.5%) eyes remained unchanged, and 10 (22.7%) eyes had worse final BCVA compared with acuity at presentation, respectively. Change in visual acuity was defined as at least a 1-line change in Snellen acuity or if there was a change between LP, HM, or CF vision. It was not possible to obtain a visual acuity in 1 patient secondary to mental status, although it was noted to be at least LP both before and after surgery. Six eyes were NLP at the final visit. Of these 6 eyes, 2 were felt to result from severe retinal necrosis because of preexisting endophthalmitis, 2 eyes had severe, long-standing combined tractional/RRD from proliferative diabetic retinopathy and were LP preoperatively, 1 eye had an optic nerve granuloma that was thought to be the causative factor, and 1 eye was in a sickle cell patient who sustained persistently postoperative elevated IOP starting 4 months postoperatively until the last visit uncontrolled by medical treatment.
There were no intraoperative complications. Postoperatively, the most common complication was elevated IOP (4 eyes), which was managed with anterior-chamber paracentesis (1 eye), transscleral posterior-chamber paracentesis to remove silicone oil (1 eye), laser peripheral iridotomy for pupillary block (1 eye), and topical and oral IOP-lowering medications (1 eye). There were no cases of endophthalmitis or corneal keratopathy. Hypotony was present in 13 (29.5%) eyes preoperatively but significantly fewer postoperatively with 3 (6.8%) eyes with persistent hypotony at final visit (P ¼ .01). Three (6.8%) eyes were phthisical at the final visit. For hypotonous and/or phthisical eyes, there was no correlation with preoperative diagnosis, retention of silicone oil, or postoperative lens status. Analyzing the effect of size of retinectomy on hypotony, there was no difference between the association of hypotony and patients with larger retinectomies ( 6 clock hours) vs smaller retinectomies (< 6 clock hours) at the final visit (P ¼ .69). There was also no difference between larger and smaller retinectomies and redetachment (P ¼ .19) or need for reoperation (P ¼ .48). Two of the 7 patients whose 360 retinectomy had redetached underwent 1 additional vitrectomy. Both remained attached at final visit, 1 under silicone oil and the other having had oil removal.
Baseline characteristics and differences in clinical characteristics were analyzed by final BCVA (Table 4 ). There were no significant differences between patients achieving a BCVA of 20/400 or better compared with CF vision or worse in age (P ¼ .66), gender (P ¼ .34), number of previous retinal surgeries (P ¼ .54), etiology of RD (P ¼ .61), history of SB (P ¼ .06), preoperative hypotony (P ¼ .60), use of PFO (P ¼ .07), clock hours of retinectomy (P ¼ .48), and postoperative hypotony (P ¼ .14). Achieving a postoperative BCVA of 20/400 or better was associated with nonphakic lens status (P ¼ .02) and being attached after silicone oil removal (P < .001). For phakic eyes that underwent lensectomy, there was no correlation with subsequent redetachment (P ¼ .29) or hypotony (P ¼ .93). More recent studies have had higher anatomical success rates. Tan et al reported a series of 123 eyes undergoing 20G PPV without SB for patients with PVR-related RD with a primary retinectomy and final attachment rate of 77.2% (n ¼ 95/ 123) and 95.9% (n ¼ 118/123), respectively. 10 Quiram and colleagues demonstrated a primary attachment and final rate of 60.0% (n ¼ 34/56) and 93% (n ¼ 52/56), respectively, and did not find a significant difference in final anatomic success between patients receiving concurrent SB and those receiving primary PPV with RR. 11 While both of these series excluded vasoproliferative, traumatic, and inflammatory etiologies, which may have a poorer prognosis, they helped demonstrate primary vitrectomy as a viable option in patients with complicated RD secondary to PVR. In our series, we analyzed the cases in which PPV without concurrent SB had been performed to evaluate the effect of RR to relax traction in complex RD with posterior PVR. All 7 eyes with previous SB had some component of inferior detachment, of which 5 eyes (71%) had extensive membranes requiring at least 150 retinectomy. While we believe SB can provide additional support in situations such as inferior detachments and anterior PVR, it may not always be necessary when retinectomy is able to adequately relieve traction because the retina is foreshortened posterior to the buckle.
There have been several reports looking at the use of 25G PPV for PVR-related detachments. Iwahashi-Shima et al presented a series of 27 eyes undergoing 25G PPV for PVRrelated detachments with a primary and final attachment rate of 77.8% and 92.6%, respectively. 8 The authors noted that 20G instrumentation was necessary in 11 eyes (40.7%) for various surgical maneuvers. This series also included the use of concurrent SB in several patients.
Previous work by Sato and colleagues looking at 25G vs 20G PPV in RD with grade C PVR found a 95.0% vs 85.7% reattachment rate, respectively, but this was not statistically significant. 12 The authors similarly noted that 25% of cases needed hybrid 20G instrumentation. Several earlier smaller series have reported comparable results using 25G PPV for complicated RD secondary to PVR. 13, 14 In our experience and as supported by the results of this study, 25G vitrectomy alone is sufficient for surgical maneuvering and provides a consistent outcome comparable to larger-gauge platforms.
Historically in these complex RD series, success was often defined as retinal attachment posteriorly and final vision better than 5/200. 1, 2, 15 Overall we report change in mean logMAR value from 2.12 preoperatively to 1.60 (20/796) at the final visit. We were able to achieve a significant improvement in patients with BCVA of 20/400 or better at baseline (16.3%) compared to the final BCVA (39.5%) (P ¼ .02). Despite the limited visual potential given the severity of PVR and presenting visual acuity, we were still able to either stabilize or improve vision in 75% of eyes, which is slightly higher than previous studies. 11, 16 In our series, preoperatively, 17 patients were initially phakic and 8 received cataract removal intraoperatively. There was no correlation between maintaining phakic status and subsequent redetachment (P ¼ .29) or hypotony (P ¼ .93).
Additionally, we were able to show a significant decrease in the rate of hypotony (P ¼ .01), with only 3 patients with hypotony (6.8%) and phthisis (6.8%) at the final visit. In previous reports, the rate of hypotony after repair of complex RD with PVR has ranged from 4.1% to 43%. 10, 15, 17 In a large series (n ¼ 555) of 20G PPV for RDs with PVR by Scott et al, there was a hypotony rate of 15% at 6 months of follow-up. 18 Sato and colleagues found that the rate of hypotony in their series comparing 20G to 25G PPV for PVR that the 20G group had a significantly higher rate of hypotony (P ¼ .048) than the 25G group. 12 We used silicone oil tamponade in 95% of our surgeries with retinectomy and, at the final visit, we maintained attachment after oil removal 45.5% of eyes. As demonstrated in previous reports, despite a slight increase incidence in detachment after oil removal, we believe oil removal in clinically stable patients with adequate IOP without ciliary body shutdown can aid in visual rehabilitation while maintaining attachment and a relatively low rate of hypotony. 17, 19 In our series, 24 (54.5%) patients had permanent silicone oil tamponade in this series. There has been concern in the past that a larger retinectomy can produce hypotony, as there is more exposed retinal pigment epithelium with the vitreous fluid leading to more choroidal outflow. 1, 22 Some reports have demonstrated an association or trend toward hypotony with larger retinectomy size; however, there has been debate as to whether the hypotony occurs because eyes requiring large retinectomies also tend to have significant anterior PVR and ciliary body shutdown. 19, 23, 24 Overall, our study did not demonstrate an association with hypotony nor redetachment with large retinectomies. With the aid of silicone oil tamponade, we were able to achieve a high rate of anatomical attachment and a low rate of hypotony, which has been supported by previous studies. 11, 19, 24 While it is hard to generalize standardized surgical approaches for the diverse nature of severe RDs with PVR requiring retinectomies, our approach generally favors extending the retinectomy slightly larger by about 0.5 clock hours than what is needed to relax the retina. In our experience, we believe this is relevant in the ultimate attachment in these difficult PVR patients without increasing rates of potential complications.
Ultimately, in these eyes with severe PVR, salvage of the globe and prevention of phthisis bulbi remain the primary goals. Several studies have demonstrated the use of silicone oil in patients requiring retinectomies in decreasing the rate of hypotony and phthisis. 17, 19, 24, 25 While some of these patients undergo multiple surgeries with minimal gains in visual acuity, the avoidance of enucleation/evisceration or the prevention of a blind, painful eye may support the use of these extensive surgical procedures in eyes with severe PVRrelated detachments.
With the advances in surgical techniques and improvement in small-gauge instrumentation, 25G PPV has become more commonplace for vitreoretinal surgery for the majority of indications. Previously described limitations in the use of small-gauge instruments for RD with PVR that mainly include the flexion of the instrument, limiting the surgeon's ability to perform peripheral/anterior dissection, and the relative scarcity of available 25G instruments no longer negatively affect our ability to achieve anatomical success in these complex cases. 26 There are several limitations of our study: It is retrospective and has a relatively small sample size. Additionally, our study does not have a control group comparing 20G/23G series as well as those with concurrent SD during time of initial retinectomy. Last, inherent to surgical studies is the variability in presentation of each detachment. Overall, we present a single-surgeon series with a favorable visual and anatomic outcome using 25G PPV without SB in the repair of complex RD secondary to PVR.
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